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Abstract 
A qualitative assessment that identifies factors to support the mould growth in the library building and makes a 
recommendation for correcting these factors provide helpful guidance for the librarian and the library users. The aim 
of this paper is to examine whether qualitative assessment of mould growth can provide better information about 
library environments. The information gathered from the walk-through, interviews, and ventilation review using 
Microclimate data logger of three university libraries in Malaysia. Researcher was conducting a visual inspection of 
the immediate building interior and exterior including ventilation and air conditioning system. In conclusion, 
applicable qualitative assessment of mould can be use and sufficient to begin planning appropriate improvements to 
the environment. 
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1. Introduction 
 Academic library is an important space at the University, and excellent library space is one of the 
significant aspects that need to be measured in promoting library utilization (Atmodiwirjo & Yatmo, 
2011). Previous research has shown it has become apparent that moisture and humidity control problem 
exists in library buildings. The cause of these problems can be complex and involve many aspects of 
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library design, construction and maintenance. Improper humidity control inside a library can lead to 
material deterioration and the development of mould. According to (Chen & Garcia, 2004) many of the 
problems leading to mould and inadequate humidity control can easily be identified and prevented. The 
study identified humidity problem and classified it into four main humidity problems such as design, 
construction, retrofit and alterations and poor maintenance. Once the mould has grown, it can be easily 
identified with the human eye. Therefore, in a qualitative assessment the researcher will evaluate the 
information gathered from the walkthrough, interviews and ventilation review. The researcher seeks to 
identify sources of mould growth and to define the pathways in the environment that may bring mould and 
any associated toxins into contact with the building occupants (Karbowska-Berent, Górny, Strzelczyk, & 
Wlazło, 2011; Rao, Burge, & Chang, 1996; Wang, Chen, & Zhang, 2010). Mould can survive and grow 
when indoor relative humidity is high and fungus is present all the time in the air that we breathe. 
According to (Portnoy, Barnes, & Kennedy, 2004), Three reasons we need to worry about expose to the 
mould in the indoor environment. The first is possible health effects to its exposure and also their 
metabolic products, second the effect on the material and structural such as deterioration of the material 
and the final is the depressing aesthetic effects. The spores can be easily inhaled, which can cause the 
following symptoms: coughing, wheezing, runny nose/sinus problems, skin rashes if touched, and other 
immune responses after long-term exposure. People who experienced chronic above symptom could risk to 
asthma. However, the type of severity of health symptoms depends upon the type of mould, the amount of 
exposure, ages and our fitness(Illinois Department of Public Health, n.d.). Children asthma is foremost 
clinical fear worldwide (Al, Ali, & Thamiri, 2011)  
 Humidity control has been a major concern in the indoor library environment. Excess humidity can 
allow for the growth of the mould in these library buildings. Libraries have been storing and collecting 
depiction obtains more thousands of books and documents. The situation of such conserved books 
collection is under the stable control of different environmental factors. The risk of this situation is the 
climate in the library itself such as temperature and humidity of the air, type and amount of light received 
by collections. A qualitative assessment of the ventilation system is a key aspect of assessing the library 
user’s environments. Ducts with internal lining or duct board can become microbial reservoirs and 
amplifiers if they become humid and dirty (Storey et al., 2004). The presence of mould growth using 
qualitative assessment was the primary focus of this study, in which the researcher presents the evidence 
from the three different cases studies. 
2. Literature Review  
2.1 Biology Of Mould and Sampling Analysis 
Mould or Microscopic organisms found virtually everywhere, indoors and outdoors. Fungal growth 
requires oxygen, adequate temperature, nutrients and water. As they grow, they reproduce by producing 
tiny spores that float through the air, spores are widespread in the environment and will drift indoors. If 
these spores land on wet or moist organic material, they will grow, producing fungal colonies that decay 
the organic matter to stay alive. This situation can cause some property damage and present health 
problems. 
Various authority and agency in their guidelines in assessing mould growth not recommended to do 
sampling due to several reason such as a) present visible mould would enough for remediation 
strategies; b) testing and analysis of mould is expensive; and c) assessor should be have a clear reason 
for doing so (Environmental Protection Agency (EPA), 2010). However, sampling may help the assessor 
to find the source of mould contamination, identify present species and differentiate between mould and 
dirt. American Hygiene Association (AIHA), 2008 also suggested that mould sampling should be 
performed only when a visual inspection reveals issues or the presence of mould cannot be confirmed by 
visual inspection. The reason of sampling is to attain an approximate of the concentration of viable 
mould spores or mould material per unit area of surface or per unit of volume air.  One familiar type of 
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air sampler passes a measured quantity of air through a petri dish, which is sent to a laboratory for 
culture. The cultured spores allocate individual species to be determined, and the results are reported out 
as colony-forming units (CFUs) per cubic meter. It grows in different species in different agars. 
Therefore, selection of agar can influence the result regarding the species reported (B.Rose, 2005). 
However newly, PCR methods (DNA sampling) have been used for very precise and accurate estimates 
of a quantity as well as species of mould material in samples. 
2.2 Mould Sampling Method 
The sampling method chosen depends on resource availability, method, availability and 
information required (AIHA, 2008). In general, mould sampling method used to collect mould from air, 
surfaces and settles dust. The summarized of Mould Sampling Method is shown in Table 1 below. 
 
Table 1.The Summarized of  Mould Sampling Method 
 
No Method Description / Types Unit            of 
Measurement 
Strength Weakness References 
1 Air       
sampling 
method 
i)  Bioaerosol air sampling. 
Identify    type    of    fungal    
species present,  number  of  
fungal  colonies and 
percentage of each type of 
species in total of all 
microbial species found. ii)   
Spore trap air sampling 
Identify total number of 
viable living and     non-
viable fungal structure or 
Cfu/m³ 
(Colony 
forming 
unit) 
 
 
S/m³ 
(Struct
ure) C/ 
m³ 
 
Quick, easy sampling 
method. 
May indicate mould 
growth present that is no 
visible. 
 
Samples  from  
dusty areas may 
be overload with 
particles. 
NYCOSH 
Carolina 
Environment 
al, Inc 
  colonies   per   cubic   meter   
of   air 
sampled. 
Indoor type and 
concentrations should reflect  
outdoor  type  and 
concentration. 
iii)  Micro-vac sampling 
(Colony) 
 
 
 
Spores/g 
Cfu/g 
2 Surface 
sampling 
method 
Used direct microscopic 
examination. 
i)  Surface wipe sampling ii) 
Surface swab sampling 
 
iii)Tape lift samplings 
Applies to the optical analysis 
of surface samples for 
vegetative and reproductive 
structures/fruiting bodies of 
fungi. 
 
 
Cfu/gram 
Cfu/inch² 
Cfu/cm² 
Percentag
e (%) 
Quick,   easy   sampling 
method. Identifies viable 
moulds that are present. 
 
Tape  lift  samplings allow 
accurate characterization   of 
which spores. 
Reveal spores that have not 
yet become airborne. 
Not effective on 
porous 
surfaces. 
Quantification can be 
significantly affected 
by sampling 
technique. 
NYCOSH 
Environment 
al        
Health 
Laboratory- 
ESIS,Inc. 
Carolina 
Environment 
al, Inc 
3 Settle Dust Reservoir    dust    from    
carpet    or 
mattresses is collected. i)  
Dustfall collector 
Weight/g       
of 
sample 
dust. 
Weight/m² 
Presume integration over 
time    that    occurs    in 
deposition       of       the 
pollutant on surface. Cheap  to  
produce  and simple     to     
use     and microbial                 
level measured     with     this 
Surface  samples  
allow 
only  a  crude  
measure that  is  
probably only a poor 
surrogate for 
airborne 
Institute     
of 
Medicine 
2000 
3. Material and methods 
3.1  Survey Procedure 
The study was carried out in three different higher education institution libraries in Malaysia. Field 
work was carried out in November 2013 to March 2014. The sites were surveyed with the following 
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criteria: collection of library building characterization data based on direct inspection and interviews with 
library employees; library characterization including measurement of temperature and humidity, lighting 
and air conditioning  systems and physical examination of the building; and inspection of sites that has 
been wetted or showed mould growth. The researcher gathered qualitative data by interviewing the 
library personnel and maintenance personnel and taking a walk-through library tour. The walk-through 
will explore the immediate inside environments and the physical structure of the library building; note 
water or moisture symptoms from past and present leaks, spills and condensation; review ventilation and 
note apparent mould, and area with mouldy and musty odours. Likely places and library materials (books 
and archives) where moisture may accumulate, such as crawlspaces should be noted. 
3.2 Case Study profile 
Table 2 gives some insight into the case study profile in which the researcher has performed field 
studies and provided the qualitative assessment. 
 
Table 2. Case study profile 
Library Data Case Study 
Library TP Library SA Library TH 
Year Built 2004 1976 1986 
Built Up Area 12,790 sq. m. NA 18,639.5 m sq 
Location Northern Malaysia Central Malaysia Southern Malaysia 
Storey 
Height/Level 
Ground Floor –  
Circulation Counter, Reference 
Collection, Malaysia Collection, 
Online Reference, Children 
Collection, Carrel, and Discussion 
Rooms 
Level 1 –  
Open Collection, Journal 
Collection, PG Lounge, IT Zone, 
Carrel, and Discussion Rooms 
Level 1M – Open Collection 
Level 2 – Open Collection, 
Office, IT Zone, Carrel, and 
Discussion Rooms 
Level 2M – Open Collection 
Level 3 – Open Collection, 
Multimedia Collection, Office, IT 
Training Zone, and Carrel 
Level 1 –  
Office and Prayer Room 
Level 2 – Office, Meeting 
Room, and store 
Level 3 – Circulation 
Counter, Customer Service 
area, Office, and  IT Zone 
Level 4 – Reading area,  
Open Collection, Customer 
Sevice room, and Reference 
Collection 
Level 5 – Reading area, Open 
Collection, and office 
 
Level 2 – Reading area,  Open Collection, Magazine 
collection, Discussion Rooms, Conference Room, 
and Reference Collection 
Level 3 – Circulation Counter, Reference 
Collection, 
Customer Service area, Office, Carrel Rooms, 
Meeting Room, Visual Audio Room, and  IT Zone 
Level 4 – Reading area,  Open Collection, 
Conference room, Carrel Rooms and Reference 
Collection 
Level 5 – Reading area, Open Collection, Reference 
Collection and Carrel Rooms 
 
Books and 
library 
collection  
213,067 vol 158,720 vol 534,100 vol 
4. Results and Findings 
In the study, an attempt was made to determine the mould growth in a comprehensive manner by using 
qualitative assessment methods. The objective is to find areas where mould is growing and the possible 
effect of the dissemination into the breathing space in the library. 
4.1 Visible mould growth 
The qualitative assessment concerning visible mould growth and conditions to mould growth were 
assessed by the researcher during the field studies. One of the main causes of mould growth within the 
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library buildings is poor maintenance. The mould growth was found at the upper level of the library 
building for Library SA and TH due to water damage in example water leakage from the roof. In Library 
SA, it was found evidence of water damage on the carpet due to failure of rainwater down pipe (rwdp) at 
Level 5 and it has located near to the bathroom at Level 4. The water penetrates from the outside wall 
also were recorded at Level 2, Library TH. As a result, the visible mould growth clearly appeared in this 
area. Table 3 lists a focused qualitative assessment of the immediate outside environment and building 
exterior for three libraries whilst Fig.1 shows the evidence of the described area. 
 
Table 3. Focused qualitative assessment 
 
Focused Qualitative 
Assessment 
Visible Mould Growth 
Library TP Library SA Library TH 
Visual Assessment    
Source of outsides mould X √ √ 
Damage to the building X √ (water penetrate from the 
roof) 
√ (water penetrate from the roof, 
wall) 
Accumulations of organic 
material in or near air 
intakes 
X √ √ 
Occupied space survey    
Water damage √ √ (roof leaks, rwdp) √ (roof leaks) 
Chronic condensation X X X 
Carpet 
 
X √ (carpet near toilets and 
cleaning activities) 
X 
Plants  x x √ (plant growth on flat roof) 
Books and library 
collections 
x √ (dirt and dust, and microbial 
growth) 
√ (dirt and dust, and microbial 
growth, cover damage) 
 
 Based on visual inspection it was found that some of books on the book rack located on the ground 
floor are identifying with dust on the book cover. The books were also swelling and shrinking. The 
researcher also found dirt, dust and microbial growth on the book that been displayed at the bookshelves in 
Library SA and TH as shown in Fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Visible mould growth in the Libraries 
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Fig. 2. Possible mould and microbial growth on the book surfaces. 
4.2 Ventilation System Review 
A systematic review of the mechanical ventilation system is part of the walk-through assessment. The 
way air moves in the library and the condition of the ventilating and air-conditioning system are critical 
aspects of bioaerosol exposure (Storey et al., 2004). Mechanical ventilation system should be properly 
maintained to optimize the volume of dilution air and to minimize the accumulation of contaminants that 
are microbial growth(Wang et al., 2010). In this review, the researcher had been assisted by the building’s 
maintenance or mechanical engineering personnel. The personnel provide access to the ventilation system 
unit, provided maintenance history and describe the system’s design parameters. Table 4 shows the 
review of the ventilated system used in the libraries and its condition. 
 
Table 4. Ventilation system review  
Ventilated System Visible Mould Growth 
Library TP Library SA Library TH 
Operable windows √ (available but 
for visioning 
purpose, closed all 
the time) 
√ (available but for 
visioning purpose, closed all 
the time) 
√ (available but for 
visioning purpose, 
closed all the time) 
Air conditioning system Centralised 
system  
Centralised system Centralised system 
Maximum operational 
hours 
8.30am – 10.00pm 24 hours 8.30am – 12.00am 
Availability of Schematic 
drawings 
√ √ √ 
Condition of Cooling 
Tower 
√ X (mould visibly appeared) X 
Filters √ (dampness, 
microbial growth, 
and dirt) 
√ (dampness, microbial 
growth, and dirt) 
√ (dampness, 
microbial growth, 
and dirt) 
Air Diffusers √ (dampness, 
microbial growth, 
and dirt) 
√ (dampness, microbial 
growth, dirt and rust) 
√ (dampness, 
microbial growth, 
dirt and rust) 
Preventive Maintenance 
program 
√ √ √ 
Air Purifier System x √ x 
Portable Humidifiers x √ x 
Exhaust Fan √ x X Available but not 
in use 
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Fig. 3 shows the photo that were recorded during field studies regarding possibility of mould growth due 
to ventilation system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Sign of dampness, microbial growth and dirt 
4.3 Measurement of temperature, humidity and lighting 
Fig. 4 shows the measurement of temperature, humidity and lighting at ground floor, Library TP, which 
been recorded for four days. Based on fig. 4, the indoor air temperatures vary from 19.7ͼC to 24.8ͼC. The 
measured temperature at the book rack on ground floor varies from 19.7ͼC to 23.2ͼC, and is about 1ͼC to 
2ͼC lower than the temperature measured at the book rack on the level 1, level 2 and level 3. Measured 
temperature at the book rack on level 1, level 2 and level 3 are equally similar with temperature varies 
from 21ͼC to 24.8ͼC. The average temperature for the ground floor is recorded at 21ͼC and becomes the 
lowest average temperature compared to other level in the Library TP building. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Data Recorded at Ground Floor Library TP 
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The relative humidity in the library varies from 58.7% to 80.3%. The ground floor has been recorded as 
the place that has a high relative humidity with an average of 71.7%, and the maximum RH recorded early 
in the morning as high as 80.3%. The relative humidity increases consistently in the early morning from 
6.30 am to 7.15 am. Overall relative humidity has been recorded at every level where it reached more than 
60%. Mould can survive and grow when relative humidity reaches 60%, and germination requires higher 
relative humidity as well as time (Viitanen, 2007). Measured lighting varies from 0 to 79 lux. Average lux 
was recorded from 259 to 219 lux. Fig. 5 shows the measurement of temperature, humidity and lighting at 
level 5, Library SA that been recorded for four days. 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Data Recorded at Level 5 Library SA 
Based on fig. 5, the measured temperature at the book rack on level 5 varies from 21.8ͼC to 29.7ͼC. 
The average temperature for the level 5 is recorded at 26.3ͼC and becomes the highest average temperature 
compared to Library TP and TH. The relative humidity in level 5 has been recorded with an average of 
64.3%, and the minimum RH recorded of 55.7% and the maximum RH recorded at 9.30 a.m. on 22nd 
February 2014 as high as 70.4%. Measured lighting varies from 0 to 143 lux and average lux was recorded 
at 149 lux. Fig. 6 shows the measurement of temperature, humidity and lighting at level 5, Library TH that 
been recorded for six days. Based on figure 3, the measured temperature at the book rack on level 5 varies 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Data Recorded at Level 5 Library TH 
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from 23.2ͼC to 26ͼC. The average temperature for the level 5 is recorded at 24.7ͼC. The relative humidity 
in level 5 has been recorded with an average of 74.4%, and the minimum RH recorded of 66.6% and the 
maximum RH recorded at 8.00 a.m. on 29th March 2014 as high as 82.8%. Measured lighting varies from 
0 to 80 lux and average lux was recorded from 31 lux. 
5. Discussion 
 Visible fungi and mould growth were higher in the upper levels of the Library SA and TH due to the 
ventilation problem and water damage. The library users and maintenance personnel reported mould, 
mouldy odors, wet or damp spots and water damage was higher at these particular areas. This phenomenon 
was extensively seen in the Level 5 at Library SA and TH. Built in the 1970’s and 1980’s, construction of 
roof and materials faced deterioration issues and poor maintenance. This evidence was a major factor for 
the growth of mould in the library building. In large institutions such as University SA and TH where there 
is a large number of buildings to maintain, regular scheduled maintenance is often delayed. Cost has 
become a major issue in any upgrading and maintenance work. As a result, problems that could have been 
prevented begin to accumulate and created deferred maintenance. In the example of Library TH, the main 
problems for the building were with the roof maintenance. During the walkthrough, the researcher found 
that the roof was not maintained properly, and unwanted plant and debris not been cleared by the 
maintenance contractor. As a result, the rainwater outlet and drainage was blockage. The water penetrates 
through the wall. However, it contrasts to Library TP that was built in 2004 where visible fungi and mould 
growth appear on the ground floor. It has been suspected that the affected area related to the high humidity 
that been recorded during the field study. The internal causes of the deterioration of papers in books are 
due to its acidity and biological factors (Pinzari, 2004; Zyska, 1997). The deteriorated books were found in 
Library SA and TH. Whereas not happen to Library TP. This situation relates to what has been told by 
Chief Librarian TP where all the books been fumigated before entering for the first time to the Library 
TP.  In practice, fumigation has become the regular cure for books assumed to control insects or fungi or 
books in which an insect or fungus has been observed (Jan, 2006; Smith, n.d.) but not recommended 
because of human health concerns (Weaver-meyers, Stolt, & Kowaleski, 1998). Overall observation, the 
books that located at the crawls spaces higher risk of damage. It happens because of the lack ventilation of 
crawl spaces area. It was also shown at Library SA and TH, where the average temperature at the 
bookshelves is more than 24ͼC. However the lower the temperature, the better and its recommended 
between 18ͼC-22ͼC to preserved the books (Florian, 1994). 
6. Conclusion 
The development of mould growth in the library building came from many different sources. They are 
related with lack of humidity control, poor maintenance and related to building life itself. The existence of 
mould in the library building is a serious concern and should be treated immediately. Once the mould has 
been identified in the library, it should be avoided, and the cause to the growth should be identified and 
treated. Relying on the qualitative assessment can determine the visible of mould growth and causes to its 
development in the library buildings. However, the identification of mould species and types cannot be 
determined by using this method alone. Therefore in the next stage of the assessment, the author will take 
samples and identification of mould species and determines the possible solution to the mould growth in 
library buildings. Future research should concentrate on developing accurate, objective measures of 
exposure to mould growth. 
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